There has been a recent resurgence of interest in patients with spinal angiomas, due to refinements in neuroradiological techniques which have led to a more active approach to their surgical management. We have recently reviewed the clinical features of a large group of patients with this disorder and defined the natural history and prognosis in 60 untreated cases (Aminoffand Logue, 1974a, b) . It seemed an appropriate time, therefore, to assess the results of corrective surgery in such patients.
Spinal angiomas are vascular malformations, presumably congenital in nature, which consist of an anomalous intradural, but usually extramedullary, arteriovenous fistula. They are more common in males than females. The onset of symptoms is usually delayed until middle-age when a progressive paraparesis and paraparaesthesis develop, with early derangement of bowel and bladder function (Aminoff and Logue, 1974a) . There is no satisfactory medical treatment of the anomaly. There have been a number of recent publications concerning the results of surgical treatment, but in most of these only limited clinical details are provided; accordingly, it is often difficult to assess satisfactorily either the benefits of surgery with respect to the functional capacity of patients, or the surgical morbidity. For this reason, we have analysed in 1074 detail the response of a series of patients to surgical treatment, and have defined the manner in which we believe future patients should be investigated and managed.
METHODS
Fourteen of the patients in our earlier series (Aminoff and Logue, 1974a) were operated upon by one of us (V.L.) and form the subject matter of this report. Two other patients who presented here more recently and who came to operation have also been included.
The response to operation has been assessed by reference both to the symptoms and signs, and to the functional capacity of patients. The symptoms and signs are considered in terms of overall motor, sensory, and sphincter disturbance, rather than in a more detailed manner which would have necessitated the use of a cumbersome scoring system. Even in such broad terms, however, their relationship to functional disability may be indirect and tenuous. Since the more important parameter to the patient is clearly that of functional capacity, we have preferred to study this in greater detail.
We have rated functional capacity in the manner of our earlier study (Aminoff and Logue, 1974b) but, for convenience, the appropriate definitive criteria are recapitulated in Table 4 .
Seven of these patients had continued to attend here regularly for follow-up. One of the remaining patients had attended for follow-up at another hospital until his death, and his notes were kindly Control of micturition improved in seven patients, in four of whom it returned to normal. Disturbances of defaecation similarly became milder in six patients. In two patients (cases 8 and 16) there was a marked improvement in the severe disturbance of both micturition and defaecation which each had developed before surgery. There was otherwise little correlation between changes in the control of micturition and defaecation as a result of surgery.
It is of some importance to consider the possible causes for the continued decline that occurred in two patients. In case 12, the malformation was excised but an intramedullary component was left undisturbed. This patient initially showed improvement in motor and sphincter disturbances, but about two months after surgery there was an abrupt increase in all his symptoms which then gradually worsened over the following three years until his death. In view of its time course, it seems reasonable to attribute this deterioration to the intramedullary component of the angioma, rather than to the effects of surgery. In case 10, reduction in functional capacity followed immediately after operation and he now requires two sticks instead of one for walking. This deterioration, which has not progressed, presumably relates to the operation itself.
Postoperative angiography was performed in only one of our cases, but showed the malformation to have been obliterated completely.
DISCUSSION
Until comparatively recently, attempts to treat patients with a spinal angioma by surgery were usually futile and, in some cases, led to increased functional disability. In particular, the results of decompressive surgery were disappointing. It had accordingly been our policy to delay operation until patients were severely incapacitated and, as a consequence, the majority of patients reported here were moderately or severely disabled, and were continuing to deteriorate, at the time of treatment. A more active approach to the management of such patients has been fostered by recent developments in neuroradiology which have permitted the accurate preoperative delineation of these malformations and their feeding vessels. The results of such active surgical treatment in our patients indicate that worthwhile improvement in the functional capacity and symptoms can be expected after excision of the angioma. Furthermore, we anticipate that even greater improvement will follow operation at an earlier stage in the natural history of the disorder, when the degree of irreversible damage to the spinal cord will be less marked.
It is important to consider our findings in relation to those of others. Shephard (1963, 1965) treated 11 patients by excision of the malformation without preoperative angiographic delineation. While the result of treatment is indicated, the criteria used in its evaluation are not provided and insufficient data are presented to permit independent assessment. Patients judged to have shown a 'good' result in that author's series were those in whom the disability was present for only a few weeks and in whom some degree of spontaneous improvement might have been anticipated (Aminoff and Logue, 1974b) . Krayenbiihl et al. (1969) reported a series of 17 patients treated by surgical excision of the malformation. As in our series, the majority of patients were male, and the malformation was located in the thoracic or lumbosacral regions, save in one case. These authors provide no details ofthe durations offollow-up in their cases, and-perhaps because angiography was not used routinely to localize the site of the fistulous shunt-attempted a total excision of the enlarged draining veins after laminectomy which often extended over six or more vertebrae. Moreover, the results of surgery were judged to be 'excellent' in patients who had little or no preoperative deficit and in whom the malformation was removed without incurring any significant increase in deficit. This clearly implies an evaluation of surgical morbidity rather than the effect of excision on the natural history of the condition. For these reasons, we consider that this study is not entirely satisfactory in permitting an independent assessment of the results of surgery. Kunc and Bret (1969) reported a series of nine patients treated either by excision of the malformation or by ligation of feeding vessels, but insufficient data are provided of the pre-and post-operative functional capacities of individual patients to permit adequate assessment of their surgical results. Various surgical procedures were also employed by Djindjian et al. (1969) in the treatment of 29 patients, complete excision being undertaken in 19 instances. Twelve of these patients showed some improvement but it is difficult to assess the significance of this, in the absence of further clinical details; the other seven, who were completely paraplegic before surgery, showed no meaningful response to treatment. Ommaya et al. (1969) have treated 11 patients by intradural ligation of all feeding vessels, without excision of the fistula: there was symptomatic improvement in all cases but one, in whom, however, insufficient time had elapsed for adequate assessment. In at least five of these patients there was significant improvement in gait disturbance.
We are unaware of a follow-up study on the more long-term prognosis of surgically treated patients with spinal angioma. It is, therefore, difficult to ascertain whether intradural ligation of feeding vessels is, in itself, as satisfactory a form of treatment as when combined with excision of the malformation. Moreover, the point would not be satisfactorily resolved by a comparison of the results gained in different centres since individual differences in surgical skill and postoperative paramedical care might lead to bias. In view of the possibility that feeding vessels, unrecognized at angiography or operation, may be left undisturbed and continue to supply the malformation-as in one of the 'incompletely treated' patients of Ommaya et al. (1969) -we believe that concomitant excision of the fistulous anomaly is the more satisfactory procedure.
INDICATIONS FOR SURGERY We have recently considered in detail the natural history of 60 untreated patients with spinal angioma (Aminoff and Logue, 1974b) . Patients may remain asymptomatic for years, but once symptoms develop they may progress with great rapidity. Thus, within six months of the development of any functional impairment in the legs, 19% of patients were either confined to bed or required two sticks/crutches for walking, and a similar degree of disability had developed in 5000 of patients by three years. However, in other patients the disability remained mild for many years after the development of symptoms. In view of these observations, we suggested that the rapidity ofprogression in neurological deficit and incapacity provides a useful guide to the most appropriate time for surgical correction of the vascular anomaly; in cases with a slow rate of progression, however, treatment may become mandatory when the cumulative disability becomes restrictive. MYELOGRAPHY The diagnosis of spinal angioma is suggested by myelography which is best undertaken with a large volume of positive contrast material and performed with the patient both prone and supine. Tortuous filling defects, due mainly to elongated distended veins and occurring without evidence of tumour or obstruction, are characteristic, but larger filling defects due to aneurysmal distension of veins, or partial obstruction due to arachnoiditis, may occur occasionally. As indicated above, the site of the fistula may sometimes be indicated by myelography from the manner in which vascular impressions converge upon it, and in such instances there may be a smooth projection from the cord shadow, caused by the vessels forming
